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Tom tat:
MG hinh keo ty dién héa dang mé véi 6 tdm dién cuc sdt ddit song song va moé hinh lién tuc dang éng dugc
st dung dé danh gid hiéu qud xit ly Cr tong va Cr**. Toi uu héa thic nghiém dé xdc dinh diéu kién vin
hanh véi phuong phdp RSM trong phdn mém Design-Expert 12. Diéu kién vdn hanh t6i uu gom mdt do
dong dién la 5 A/m?, pH 9 va 31 phiit phdn iing. Hiéu sudt xii ly Cr tong, Cr** dat lan lugt 92,18 + 1,00%
va 79,77 + 1,35%, cao hon keo tu tao bong vdi FeSO , ldn lugt la 90,44 + 2,14% va 62,88 + 1,54%, trén
ciing logi nudc thdi. Lugng bin phdt sinh tii keo tu dién héa thdp hon, khodng 71,9% so vdi keo tu tao

bong. Nhu vdy, keo tu dién héa c6 thé iing dung vao xit Iy nuéc thdi chiia Cr véi hiéu qud cao va givip gidm

chi phi vdn hanh.
Tii khéa: Keo tu dién héa, nudc thdi xi ma, crom.
Ngay nhdn bai: 25/1/2025; Ngay stia chita: 10/2/2025; Ngay duyét ding: 18/2/2025.
Application of the electrocoaqulation in the plating

Abstract:

This study used the electrocoagulation bench scale with six iron plates and cylinder reactors to evaluate the removal
approximately % of the conventional coagulation-flocculation process. Therefore, electrocoagulation may be applied in

wastewater treatment
efficiency of total chromium and Cr (IV) in the plating wastewater. The optimal operating conditions were determined
by RSM and Design-Expert 12 software, including the current density of 5 A/n?, pH = 9, and 31- minute reaction time.
Total Chromium and Cr (IV) treatment reached 92,18 + 1,00% and 79,77 + 1,35%, respectively, which were higher
than the conventional coagulation-flocculation method using FeSO, (10%) with the efficiency of 90,44 + 2,14% total Cr
and 62,88 + 1,54% Cr (IV). Additionally, the generated sludge in the electrocoagulation process was less than another,

plating wastewater containing chromium treatment to reduce operating costs.
keo tu dién hoa (Duong et al., 2024). Keo tu dién hoa
qua nhiéu nghién ctiu da cho két qua x ly tot doi véi
nhiéu kim loai ndng trong nudc thai tong hgp va nude
thai that. Kobya va cong su da nghién ctiu xti Iy Cr, Ni
va Zn tii nuGc thai xi ma bang qud trinh keo tu dién
hoa sti dung 4 tdm dién cuc sat dit song song cach
nhau 1 cm trong b€ phan tng thé tich 1 L. Két qua
cho thdy hiéu qua loai bo dugc la 99,77% Cr, 85,62%
cho Ni va 99,04% cho Zn & diéu kién t6i uu la pH
5,4, mat do dong dién 30 A/m? thoi gian hoat dong
30 phut (Kobya et at., 2014). Cu**, Cr**, Ni** va Zn**
cting dugc nghién ctu xu ly bang keo tu dién hoa véi
6 tAm thép cac-bon dit trong bé phin ting 600 mL. O
diéu kién mat d6 dong dién 4 mA/cm?, pH 9,56 va 45
phut phan ting, hi¢u qua loai bo cac kim loai nang nay
déu dat trén 97% (Mohammad et al., 2015). Riéng Cr®*

Keywords: Electrocoagulation, plating wastewater, chromium.

JEL Classifications: K32, 044, Q53.
1. DAT VAN BE
Nganh cong nghiép xi ma dugc xem la nganh
cong nghiép phat sinh nudc thai chda nhiéu chat
ddc hai nhat trén thé gidi, gobm kim loai ndng, phtic
chét c6 chua cyanua va nhiéu thanh phan phic tap
khac (Sonal et al., 2022). Trong nudc thai xi ma crom
thuong ton tai dudi dang ion Cr** va Cr*. Trong dé
ion Cr® la dang hoa tan trong nudc c6 tinh luu dong
va doc cao, kho xti ly trong nudc (Kobya et at., 2015).
Kim loai nay khong dugc xti ly tot sé gay anh hudng
nghiém trong dén stic khoe con ngudi thong qua con
duong tich Iy sinh hoc (Sabine & Wendy, 2009).
Cac nghién ctiu trudc day vé xt ly nudc thai xi
ma cho théy kim loai nang trong nudc thai nay c6 thé
dugc xt ly bang cac phuong phép keo tu tao bong
thong thuong, két tua, trao d6i ion, loc, hip phu va
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trong 900 mL nudc thai téng hgp cing dugc nghién
ctiu bing keo tu dién hoa véi dién cuc sat va nhom.
bién cyc sat c6 hiéu qua xti ly cao hon & diéu kién pH
trung tinh (Mouedhen et al., 2009). Nghién ctiu gan
day cta Duong va cong su, 2024 thuc hién trén nudc
thai that chiia Cr** va Zn** ciing cho thdy hiéu qua xu
ly 2 kim loai nay bang phuong phap keo tu dién hoa
cao. Hon 97% Cr* va 99% Zn*" dugc loai bd duéi
diéu kién van hanh gobm mét do dong dién 16,93A/
m?* pH 9 va 31 phut phan ting. Bun sinh ra it hon
so vdi keo tu tao bong thong thuong (Duong et al,,
2024). Nhu véy, c6 thé thdy, phuong phap keo tu dién
héa véi co ché cho dong dién mdt chiéu chay qua cac
dién cuc bang kim loai sé gitp khti Cr® thanh Cr**
va loai chung ra khéi nudc véi hiéu qua cao, bun sinh
ra it, tiéu ton it hoa chit (Mouedhen et al., 2009). Tuy
nhién, cac diéu kién van hanh ctia phuong phap nay
thay déi theo loai nudc thai, loai kim loai cin xti ly va
loai dién cyc st dung.

Dong nudc thai chua Cr’*, Cr® cta Cong ty
TNHH Cong nghiép Vietshuenn, Khu cong nghiép
HO6 Nai, tinh Dong Nai dang dugc xti Iy bang phuong
phap khti - két tta - tao bong - lang. Hiéu qua xu ly
dat yéu cau nhung chi phi hoa chét va chi phi xt ly
bun 16n, gan 4 tdn hoa chat/thang va 9,1 tan bun da
say/thang. Cong ty mong muoén tim kiém giai phap
khéc thay thé d€ giam chi phi van hanh.

Céc nghién ctu trude day thuc hién trén nudc
thai that con rét it va nudc thai chi chia Cr** hodc
Cr®. Do d6, d€ c6 thé trién khai 4p dung phuong
phap keo tu dién hoéa va xti Iy nudce thai xi ma c6 ca
Cr®, Cr** tai Cong ty nay can thiét phai c6 nghién
ctu thuc nghiém nham xac dinh diéu kién vin hanh
toi uu, danh gid hiéu qua xt ly va bun thai phat sinh
ctia phuong phap. Dong thoi, danh gia kha nang ting
dung phuong phap keo tu dién hoéa trén mo hinh lién
tuc dang 6ng. Tt nhiing ly do trén, nghién ctu tng
dung phuong phap keo tu dién héa xti ly crom trong
nudc thai xi ma da dugc thuc hién.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Doi tugng nghién ciiu

Nudc thai dugc lay ti bé chiia nudc thai ma crom
ctia Cong ty TNHH Coéng nghiép Vietshuenn, Khu
cong nghiép HO6 Nai, tinh Dong Nai.

2.2. Phuong phdp nghién citu

2.2.1. Phuong phdp ldy mau va phan tich

Mau dugc ldy dua theo thdoi gian luu nuée cta
hé thong va dugc phén tich tai phong thi nghiém
Truong Dai hoc Nguyén Tat Thanh.

pH va d6 dan dién dugc do nhanh bang but do
Hanna; Cr** dugc do bang phuong phap EPA Method

200.7 va TCVN 6658:2000; Cr®* dugc do theo TCVN
6658:2000.

Bo6 tri thi nghiém va xt ly thong ké s6 liéu thu
thap dugc tii qua trinh thi nghiém bang phuong
phap RSM (response surface methology) trén phan
mém Design-Expert 12.

2.2.2. Phuong phap thuc nghiém

Mo hinh thuc nghiém dang mé (Hinh 1), c6 cau
tao gobm bé phan tng hinh hop chii nhét lam bing
vat liéu polyacrylic c6 kich thuéc 220 mm x 220 mm
x 260 mm. Mo hinh phan ting c6 thiét ké van xa day
dé€ 14y nudc ra. Bén trong lap 2 ban dién cuc sat A36
dang tdm phing c6 kich thudc 240 mm x 200 mm,
day 5 mm dét song song véi khoang cach 2,5 cm véi
tong tiét dién tiép xuc véi nudce thai la 0,058 m* Hai
tam dién cuc dugc két ndi véi may cap dién ngudn 1
chiéu model QJE QJ6030S c6 thé diéu chinh cudng
do dong dién va dau ra t6i da 30A. Hiéu dién thé va
cuong do6 dong dién c6 thé diéu chinh va hién thi
trén may.

Nguon cap dién 1 chieén
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Hinh 1. M6 hinh thuc nghié¢m

Quy trinh thuc nghiém: Cho 4 lit nudc thai xi ma
vao mo hinh phan ting, bat cong tic cho may khudy
ttt hoat dong & toc do khoang 100 vong/phut dé xdo
tron dong déu nudc thai trong qua trinh phan tng.
biéu chinh cic yéu t6 van hanh nhu pH va d6 dan
dién bang H SO,/NaOH IN va NaCl 99% theo yéu
cau ctia tiing thuc nghiém. Bat may cdp dién 1 chiéu.
Sau thoi gian phan ting, tit may phat dién, tat may
khudy tu va d€ ling 60 phut, 14y phan mau nudc
trong sau lang d€ phan tich cac chi tiéu.

Mo hinh thuc nghiém dang lién tuc dugc minh
hoa bang Hinh 2, bao gébm bé phan ting lién tuc dang
Ong véi 2 6ng dién cuc bang sat C38 véi dng bén
ngoai D x H = 114 mm x 550 mm, 6ng bén trong D60
mm dugc ldp vao phan dé1a b phén phan phdi nude
déu trong toan bd dién tich phan ting gitia 2 dién cuc.
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Nudge dau ra

Nudc dau vao S

Bé phan tmg

Hinh 2. M6 hinh bé phdn iing lién tuc

Quy trinh thuc nghiém: Nudc thai dugc khudy
tron dong nhat trong thung chtta va diéu chinh pH
vé gia tri xdc dinh bang cach st dung dung dich
H,SO, IN/NaOH 1N; diéu chinh d¢ dan dién bang
NaCl 99%. Nudc thai sau dé dugc bom truc tiép tu
thiing chiia qua bé phan ting. Diéu chinh luu lugng
nudc thai bom vao bé phan ting theo gid tri da xac
dinh trudc bang cach diéu chinh luu lugng ké. Bat
may cap dién mot chiéu. Diéu chinh cudng dé dong
dién ctia may DC Power supply dat mtic cuong do
dong dién xdc dinh. Van hanh véi cuong do dong
dién khong dd6i trong thoi gian phan tng. Nudc sau
xt ly dan qua bélang dé€ tach cin, ldy mau nudce trong
dé phan tich cac chi tiéu.

Tién hanh ldp lai 3 14n thi nghiém dé€ dam bao do
tin cdy ctia cac s0 liéu.
3.KET QUA VA THAO LUAN

3.1. Nuéc thai ddu vao cia nghién ciiu

Nudc thai xi ma l4y tai vi tri ddu vao ctia bé chia
nudc thai ma crom - T2 ctia Cong ty TNHH Cong
nghiép Vietshuenn véi téng thé tich nudc thai lay 1a
600 lit dugc chia déu cho 3 dgt. Nudc thai dau vao co
thanh phén tinh chat nhu sau:

Bang 1. Thanh phan, tinh chat nudc thai xi ma
dau vao ciia nghién ctu

s . ... |QCVN 40:2011/
STT Chi tiéu Pon vi Gia tri BTNMT
1 pH - 25+26 6+9
2 Nhiét do °C 28,9 - 29,8 40
3 Téng Crom mg/l 0,67 - 0,76 -
4 Cr¢* mg/l 0,39 - 0,44 0,05
5 |D6dandién | mS/cm 5+0,1 -

Nudc thai dau vao ctia cia nghién ctiu c6 gia tri
pH rét thdp nadm trong 2,5 + 2,6, d0 dan dién tuong
d6i 6n dinh muc 5 mS/cm. Cac gia tri khao sat thuc
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hién thi nghiém la t6ng Crom 0,67 + 0,76 mg/L, véi
thong s6 Cr® 0,39 + 0,44 mg/l. Do do, nghién ctiu
dugc tién hanh thuc hién xt ly tong Crom va Cr.
Nudc thai c6 d6 dan dién cao nén rat phit hgp dé xu
ly bang phuong phép keo tu dién hoa.

3.2. Xdc dinh diéu kién vdn hanh t6i uu

Céc thong s6 van hanh t6i uu cho moé hinh va
moi tuong tac qua lai gitia cac bién dugc xac dinh
thong qua 15 thi nghiém dugc bo tri theo phuong
phép Box-Behnken véi 3 bién gom pH, mat do dong
dién va thoi gian phan tng, lap lai 3 1an & tam trén
phan mém Design-Expert 12. Két qua danh gia dua
trén hiéu sudt xtt ly Cr tong va hiéu sudt xti ly Cré*. Két
qua phan tich Anova cho thdy ca 3 bién pH, mat d6
dong dién va thoi gian phan ting déu c6 anh hudng
dang ké dén hiéu qua xti ly tong Cr va Cr®*. Cac bién
nay déu c6 méi quan hé tuong tac véi nhau (gia tri P
< 0,05). Phuong trinh tuong quan gitia hiéu qua xt
ly tong Cr va Cr®* véi cac yéu t6 van hanh tuén theo
phuong trinh bac 2, v6i cac R* hiéu chinh lan lugt la
0,9649 va 0,9732.

Phuong trinh tuong quan gitia hiéu qua xut ly
tong Cr véi cac yéu t6 van hanh:

Hiéu qua xt ly tong Cr = 446,09-78,25A-22,29B-
1,53C-0,199AB-0,052AC+0,24BC+0,57A%*+0,82B*+
0,01C*

Phuong trinh tuong quan gitia hiéu qua xu ly
Crf v6i cac yéu t6 van hanh:

Hiéu qua xt ly Cr®* =-332,4+71,25A+
18,06B+4,9C-1,42AB+0,136AC-0,08BC-4,23A*-
0,278B2-0,087C*

Trong do:

A:lapH

B: la mat d¢ dong dién

C: la thoi gian phan ting

Két qua thuc nghiém va két qua du doan tii mo
hinh tuong quan c6 méi quan hé tuong thich rat tot,
dugc trinh bay tai Hinh 3.
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Hinh 3. M6i quan hé tuong quan giiia két qud
thic nghiém va két qua dy dodn

Két qua phan tich t6i uu hda xac dinh dugc diéu
kién van hanh t6i uu gom: Mt do dong dién la 5 A/
m? pH 9, thoi gian phan ting 32,797 phut. Mic do
dong y lén dén 0,965 (96,5%). Véi diéu kién t6i vu
nay, du bao hiéu qua xt ly tong Cr va Cr®* 14n lugt dat
91,248% va 79,43%.

3.3. Ddnh gid hiéu qud xu ly crom vGi mé hinh
vdn hanh dang mé

Dé danh gia kha nang xt ly ctia phuong phap keo
tu dién hoa theo sy bién dong nudc thai trong qua
trinh hoat dong san xudt ctia Nha may, thuc nghiém
nay van hanh mo hinh dang mé trong diéu kién t6i
uu da dugc xac dinh gom pH = 9, mat d¢ dong dién
5 A/m? thdi gian phan tng 32,797 phut, v6i 3 mau
nudc thai ldy vao 3 ngay khac nhau. Sau thai gian
phéan tng, cic mau dugc 14y va tach can bang cach
ling 60 phat. Ldy mau nudc sau tach cin, phan tich
cac chi tiéu Cr téng, Cr®* va lugng bun sinh ra.

Két qua cho théy, hiéu suét xt ly trung binh cta
Cr® va Cr tng kha cao va tuong d6i 6n dinh, lan
lugt la 92,18 £ 1,00% va 79,77 + 1,35%. Dong thoi
pH nudc sau xt ly nam trong khoang 9,1 + 9,2. Bun
sinh ra khi xt ly 1 m’ nud6c thai la 0,59 + 0,01 kg.
Nhu vay, phuong phap keo tu dién hoa c6 kha niang
dap ting dugc su thay d6i 16n cua nudc thai dau vao,
c6 kha nang xti ly Cr ctia nudc thai xi ma, ddc biét
la Cr®, vé6i hiéu sudt cao. Két qua nay ciing tuong
dong véi cac nghién ctiu khac trude déay nhu hiéu
sudt la 95,1% Crom dugc loai bd ra khoi nuGce thai
v6i pH 9, mat d¢ dong dién 5 mA/cm?, d6 dan dién
2 mS/cm véi dién cuc sat (Feryal & Selva, 2011). Két
qua nghién ctiu nay cling tuong dong vé hiéu qua xu
ly Cr (VI) trong nghién ctiu ctia Kobya, 2014 khi st
dung keo tu dién héa véi dién cuc sat. Hiéu qua xu ly
Cr (VI) trong nudc thai that cao trén 99%, thoi gian
phén ting 30 phat trong bé phan ting 4 tim dién cuc
dat song song, cuong d6 30 A/m?, thé tich phan ting
1 lit (Kobya et al., 2014). Tuy nhién, hiéu qua xu ly
tong Cr trong nghién ctiu nay chua cao c6 thé do qua
trinh tach can bang phuong phap lang chua hiéu qua.

NGHIEN CUU ‘

Dé€ ting cuong hiéu qua xu ly téng Cr, cn c6 bién
phap tach cén t6t hon nhu phuong phap loc.

3.4. Ddnh gia hiéu qud xit ly crom véi mé hinh
vdn hanh lién tuc

b€ danh gia kha ning ting dung phuong phéap
keo tu dién hoa vao xt ly nudc thai xi ma, moé hinh
lién tuc dugc van hanh trong diéu kién t6i uu da
dugc xac dinh gom pH = 9, mat d6 dong dién 5 A/
m?, v6i 3 mau nudc thai that vao 3 ngay khac nhau
v6i cac luu lugng nude thai dau vao 0,25; 0,5; 0,75; 1
L/phut, tuong ting v6i HRT lan lugt la 19,2 phut, 14,4
phut, 11,52 phut va 5,76 phut. Sau d6, cdc mau dugc
14y va tach can bang cach lang 60 phut. Ly mau nudc
sau tach cdn, phan tich cac chi tiéu Cr tong, Cr® va
lugng bun sinh ra.

Két qua cho thiy, hiéu qua xt ly tong Cr va Cr®*
dat cao nhét & thoi gian luu nude 19,2 phut, 88,77 +
1,65% va 68,76 + 4,09% (Hinh 4). Do gi6i han ctia
luu lugng ké nén HRT ctia m6 hinh lién tuc khong
thé diéu chinh ting 1én gia tri cao hon (mtic chia nhd
nhét la 0,25 L/phat). Vi vay, lugng ion sit va OH-
sinh ra chua du dan dén hiéu sudt xt ly bi gi6i han
va thap hon mo6 hinh phan ting dang mé. Lugng bun
sinh ra tang thém thoi gian luu nudc ctia hé thong,
16n nhat la 0,6 £ 0,01 kg khi xt ly 1 m?® nudc thai.

60 '
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Higu gui xir by, %

20

192

HRET, phust

===Hidu sudt xir I¥ Cré+ (%) ==Hifu suat xir I¥ Crtoag (%)

Hinh 4. Hiéu qud xit ly tong Cr va Cr® theo HRT

Trong nghién ctu nay, phuong phap keo tu
tao bong thong thuong dugc thuc hién dé so sainh
hiéu qua xt ly véi phuong phap keo tu dién hoa.
Thi nghiém jartest dugc thuc hién dé€ xac dinh diéu
kién t6i uu cho phuong phap keo tu tao bong truyén
thong véi FeSO, 10%. Két qua dua trén hi¢u suat xu
ly cho thdy pH t6i uu la 9, liéu lugng phen téi uu la
3,5mL FeSO, 10%/L nudc thai. Ddnh gid hiéu qua xu
ly bang phuong phap keo tu tao bong truyén thong
v6i 3 mau nudc thai 14y 3 ngay khac nhau. Két qua
cho thdy, hiéu qua xu ly tuong doi cao véi Cr®* dat
90,44 + 2,14%, Cr tong dat 62,88 + 1,54% va lugng
bun sinh ra tif phuong phap nay khoang 0,82 + 0,02
kg/L nudc thai xt ly. Két qua nay cho théy gid tri pH
9 valiéu lugng pheén 3,5 mL/L nudc thai chi mdi gitp
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¢

dat hiéu qua cao trong qua trinh khtt Cr®" nhung
chua du dé€loai bo t6t tong Cr. Nguyén nhén c6 thé
do qua trinh lang chua loai bo hoan toan cac can lang
két tha nhoé trong nudc thai.

So sanh véi phuong phap keo tu dién héa dang
meé, phuong phap keo tu tao bong c6 hiéu suat thap
hon va lugng bun sinh ra nhiéu hon. Nguyén nhan

Bang 2. Két qua xac dinh pH tdi uu

la do ion Fe** va ion OH- dudgc sinh ra lién tuc tu
Anode va cathode trong su6t thoi gian dién hoa da
tham gia vao qua trinh khtt Cr®* vé Cr’* dan dén
hiéu qua khti tét hon. Ngoai ra, trong qua trinh dién
héa c6 két hop ca qua trinh tuyén ndi va lang cin
sau két taa. Do dd, hiéu qué loai bo cin két taa nho
tot hon.

pH 8,50 | 9,00 | 9,50 | 10,00
FeSO, (10%), mL 3mL/L
Hiéu suit xi ly Cr téng 54,28 + 0,02 57,05+ 0,01 55,13 £ 0,01 52,27 0,02
Hiéu suit xti ly Cr® 45,83 + 0,04 54,17 + 0,03 37,5+£0,01 33,33 £ 0,03
Bang 3. Két qua xac dinh liéu lugng phén t6i uu
pH t5i uu 9 9 9 9 9
FeSO, (10%), mL 2 2,5 3 3,5 4
Hiéu suit xti Iy Cr téng 31,17 +1,75 45,18 + 0,67 56,55 + 0,65 58,14 + 0,5 56,69 + 0,47
Hiéu sudt xt Iy Cr* 26,04+ 1,8 38,75 * 1,65 51,25 + 1,25 55,63 + 0,62 48,33+ 1,3
Bang 4. Két qua danh gia hiéu qua xu ly
Lin 1 | 2 | 3 | Trung binh
pH 9
NaOH 1N, mL 28,5 | 289 | 289 28,77 + 0,23
FeSO, 10%, mL 3,5 3,5
Hiéu suét xti ly Cr t6ng (%) 64,15 63,33 61,16 62,88 + 1,54
Hiéu sudt xti Iy Cr* (%) 90,91 92,31 88,10 90,44 + 2,14
Bun sinh ra (mg/L nudc thai xti ly) 0,8 0,84 0,819 0,82 + 0,02

4. KET LUAN

Phuong phép keo tu dién hoéa véi dién cuc st co
kha nang xu ly téng Cr va Cr® cao. Véi diéu kién
van hanh t6i uu gom pH 9, mat do dong dién 5 A/
m?, thoi gian phan ting 32,797 phut, hiéu suét xt ly
Cr® va tong Cr dat 92,18 + 1,00% va 79,77 £ 1,35%,
cao hon phuong phép keo tu tao bong truyén thong.
Dbong thai, lugng bun sinh ra ciing it hon, chi bang
% so v6i phuong phap keo tu tao bong truyén thong.
Phuong phép keo tu dién hoa hoan toan c6 thé thay
thé cho phuong phép keo tu tao bong truyén thong,
dap ting dugc cac yéu cau cong nghé xt ly nudc thai,
doéng thoi gidm chi phi hoa chat, giam lugng bun thai
phat sinh va chi phi xt ly bun tai doanh nghiép. Két
qua nghién ctiu nay c6 thé ap dung vao xt ly nudc
thai xi ma chtta Cr®, tong Cr tuong ty. Tuy nhién,
can diéu chinh thoi gian phan ting pht hgp véi nong
do Cr cao hay thapm

Loi cdm on: Nhom tdc gid xin cam on Truong Dai
hoc Nguyén Tét Thanh da hé trg mot phdn dia diém va
thiét bi cho cdc thi nghiém.
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